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The terms “good science,” “bad science,” and especially “sound science” are frequently used in the
policy arena. Most often, this is so parties with interests (usually economic) in the outcome of a
political decision can promote certain results and attempt to discredit others. It has been argued that
the terms “sound science” and “junk science” have been appropriated by various industries, such as
the oil and gas industry and the tobacco industry. “Junk science” is the term used to tar scientific
studies that disagree with positions favorable to the industry (Mooney, 2004, 2006; Oreskes and
Conway, 2011; Macilwain, 2014). But can science actually be “good” or “bad”?
Science is a process. It’s the act of taking observations made in the natural world to test
hypotheses, preferably in a rigorous, repeatable way. The tested hypotheses are then rejected if they
fall short, rather than accepted if the data are compatible, and the results are ultimately critically
reviewed by the scientific community. Concepts that work survive, whereas those that do not fit
the observed data die off. Eventually, concepts that survive the frequent and repeated application of
enormous amounts of observational data become scientific theory. Such theories become as close to
scientific fact as is possible—nothing can be proved absolutely. This process holds for social science
as much as for chemistry, physics or biology: it does not matter if the data come from surveys or
observational data from humans. A study either follows this protocol or it does not. Put simply, it
is science or it isn’t science.
That said, what is sometimes referred to as “bad science” is the use of a bad experimental
design. This is typically a set-up that has not accounted for confounding variables, so the
hypothesis has not been appropriately tested and the inferences based upon this work are
flawed and incorrect. These flaws may include the use of an inappropriate sample size or time
frame. Use of selective data is another problem, where data that don’t fit are simply left out
of statistical analyses as “outliers.” In short, “bad science” is a study that does not follow the
scientific process. It could also be used to describe studies that have flaws and limitations that
are not highlighted by researchers. The term “bad science” has also been applied to inappropriate
interpretations of the results. The reason for this, mentioned above, is that science never proves
anything. Thus personal opinions can color interpretations of what data actually mean. This is
where most of the debate in the scientific community really lies. We may all agree that a given
hypothesis has not yet been invalidated, but what if alternative explanations for the observed
data are possible? Or, as noted above, there might be limitations and caveats in particular
study—for example an ex situ experimental study on a small sample of a single species in
an aquarium produces interesting results, but to ignore these limitations and extrapolate these
results to make conclusions about multiple species in multiple ecosystems in the wild over-
reaches the real limits of the study in question (see Parsons et al., 2008 for an example related to
captive cetacean studies and the impacts underwater sound). However, when scientific studies are
interpreted beyond hyperbole, and are deliberately misinterpreted to fit a particular world view
or to favor special interests, this is when science is no longer just “bad,” but it becomes ugly.
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Government decisions regarding the marine environment are
typically required to be based on the “best available science.”
The typical tools for aiding decision-making are environmental
impact assessments (EIAs). However, such EIAs are typically
restricted by a timeline and a tight budget, and frequently focus
on simple species descriptions and habitat reviews. Conversely
the marine environment is logistically difficult, complex, and
expensive to study (Norse and Crowder, 2005). It is frequently the
case that the scientific content of an EIA, due to these limitations,
is insufficient to fully ascertain the impacts of a project. However,
the EIA’s conclusions often do not acknowledge the deficiencies
of the assessment. This “bad” science can, moreover, turn ugly if
conclusions of an EIA go contrary to the findings of the actual
assessment in order to allow a project to get approval. After all, if
an environmental consultant says a project cannot go ahead they
may risk not being awarded any further contracts. Thus there is a
major financial incentive to not highlight an EIA’s limitations, or
even to give the client the determination that they desire, contrary
to the data gathered in the assessment (Wright et al., 2013a). It
should be noted that the data in an EIA might actually be very
rigorously gathered in an appropriate scientific manner, and thus
technically be “good science.” However, when the interpretation
of the science is not based on the data, but rather on the interests
of industry, individuals or politics, is not longer “good science.”
In fact, it ceases to be science at all.
One high-profile example of inappropriate interpretation
of marine science data was research conducted to assess the
impacts of the Acoustic Thermometry of the Ocean Climate
(ATOC) program. This project was designed to detect changes
in oceanic temperatures using a high-intensity, low-frequency
sound source. After expressions of concern by scientists and
NGOs about the possible impact of the high-intensity sound to be
used in the project, a field test was conducted in 1991. While the
sound source was operating, researchers acoustically monitored
nearly 5000 km2 area of ocean. They found that acoustic
detections of long-finned pilot whales (Globicephala melas) and
sperm whales (Physeter macrocephalus) were substantially lower
when the sound source was operating than when it was not
(Bowles et al., 1994). Despite the results of this test, the ATOC
project continued, albeit with a quieter (∼20 dB) source level
than used in the test. Several environmental NGOs subsequently
launched a court case, which was settled out of court, but
it did lead to a program of marine mammal-oriented studies
(McCarthy, 2004; Oreskes, 2004, 2014). Several of these studies
noted significant changes in the behavior/distribution of whales
around the ATOC sound source (Calambokidis, 1998; Frankel
and Clark, 1998, 2000, 2002). A Draft Environmental Impact
Statement (DEIS) was released in 2000, which concluded that
there was no short- or long-term biologically significant impact
from the sound source, a stance that was criticized in a US
National Research Council report (National Research Council,
2003). The critique stated that the studies relied on by the DEIS
were insufficient to adequately test whether there had, or had
not, been short- or long-term effects on marine mammals, nor
the biological significance of any such effects if they occurred
(National Research Council, 2003). That is to say, the hypotheses
tested in the various marine mammal studies were not consistent
with the conclusions drawn. Sadly, this is a common situation
with many EIAs which have a seemingly supportive case for
an impact in the part of the document that presents scientific
data, but the conclusion is that there is no significant impact
irrespective of the science presented (Wright et al., 2013a).
Another second case study on the nature of science in the
marine environmental realm is that of the impact of naval
sonar on cetaceans. Many scientists were initially convinced that
the main concern for injury to cetaceans from high-intensity
noise was temporary or permanent deafness or threshold shifts
(referred to as TTS and PTS, respectively). However other
scientists were concerned that behavioral changes, such as
surfacing too quickly, might lead to injury through “the bends”-
like effects (Jepson et al., 2003; Fernández et al., 2004, 2005;
Cox et al., 2006; and see review in Parsons et al., 2008).
These behavioral effects could potentially occur at levels much
lower than those which were known to cause TTS/PTS. The
latter hypothesis was criticized by several as being “bad” or
“junk science” (pers. obs.), possibly because the hypothesis did
not fit with the then held assumptions about the impacts of
sound on marine mammals. Another possibility is that accepting
the hypothesis would support the implementation of a more
precautionary management regime, with heavier restrictions
on noise-producing activities. However, the hypothesis was
subsequently tested. Beaked whales and other cetaceans were
exposed to military sonar, and potentially problematic behavioral
changes were observed (Tyack et al., 2011). This was a good
example of using the scientific method to investigate a problem.
As a result, we know that there can be important impacts on
cetaceans at levels of sound much lower than previously thought
and management regimes can be adjusted accordingly. Prior
to these experiments, many complained that the hypothesis
whereby behavioral changes induced a “bends”-like effect was
not “sound science” (pers. obs.). However, the fact that the
majority now accept revised hypotheses that have been tested,
and management recommendations are starting to be proposed
based on the latest understanding of sound impacts, is an
example of what one might consider “good science.”
This example leads us to another aspect of the scientific
method: rejecting previously accepted hypotheses as additional
data shows that these hypotheses are, in fact, false. If a
scientist were to follow the scientific method, a “good” scientist’s
understanding of the environment changes as additional data
are acquired, whereas a “bad” scientist sticks stubbornly to
previously held beliefs despite being faced with data that suggest
an alternative scenario. It is a basic tenant of scientific inquiry
after all that hypotheses are rejected when not supported by
data. Good scientists are willing to change their opinions quickly
in the face of new evidence or in response to a good valid
argument. However, opinions that are not based in data-tested
hypotheses do not represent good or bad science; they are simply
not scientific at all.
Sticking to an opinion or an idea despite evidence to the
contrary is sadly quite common in the science community. One
sees “scientists” who stubbornly resist new ideas and studies,
especially those that contradict a paper that the “scientists” wrote
or concepts that they have publicly supported, or even based their
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TABLE 1 | A “bad science” checklist.
Sensationalist headlines
Misinterpreted results
Conflicts of interest
Correlation and causationa
Speculative language
Sample size too small
Unrepresentative samples
No control group used
No blind testing used
“Cherry-picked” results
Unreplicable results
Journals and citationsb
From Brunning (2014) available from http://www.compoundchem.com/2014/04/02/
a-rough-guide-to-spotting-bad-science/. It should be noted, however, that some of these
points should be used with caution—not all scientific studies or fields necessarily have
control treatments or blind-testing, but are scientifically rigorous nonetheless.
a Just because one variable is correlated with another variable does not necessarily mean
there is a causal relationship. Famously, Henderson (2005) pointed out to the Kansas
School Board that correlation does not equate to causation by showing that increasing
global temperature is significantly and negatively correlated with the number of pirates.
Other interesting examples can be found at http://www.tylervigen.com/, including that
fact that US spending on science, space and technology is correlated with suicides by
hanging/strangulation/suffocation.
b If the project has gone through the peer-review process of a reputable journal, it should
have had some sort of scrutiny by other scientists. Likewise if the article is cited frequently
without rebuttals. Bad science does frequently get through the peer review system,
however, and may even be frequently cited, as can be evidenced by the number of paper
retractions from leading journals.
career on. But adapting to new evidence is a key criterion of the
scientificmethod.When scientists stubbornly resist new evidence
contrary to their opinion, it really is “bad science,” i.e., refusing to
reject a hypothesis that has been shown to be false.
Combating bad science ideally should be done through
scientific peer-review, as professional scientists should
understand the intricacies of the scientific method, and in
an ideal world this happens. However, reviewers with conflicts
of interest are sadly too frequent. Moreover, any problems
are exacerbated when science meets policy, or public opinion.
Policy makers and the general public, who are not trained in the
scientific method, may not understand the difference between
“good” and “bad” science or recognize misrepresentations of
science (see Wright et al., 2013b for further discussion). This is
not helped by the fact that scientists that may be well-trained
in the scientific method may not be trained in (or even very
good at) the art of communication. Fortunately, some scientists
forego research to become involved in policymaking and
management, journalism, and/or teaching. However, there have
been concerns that science journalism in traditional media
has been in decline (Brumfiel, 2009; Nature, 2009a,b) with few
newspapers employing journalists with a scientific background.
The result is that articles on science often display a tenuous
grip on the scientific method and the real implications of the
results (Rose and Parsons, in press). Brunning (2014) provides a
checklist to help the lay person to spot “bad science” (Table 1),
whether it be in science-related articles, government reports or
in EIAs (also recommended is McConway and Spiegelhalter,
2012 and www.badscience.net).
Marine scientists should try to avoid the tainted terms “sound”
or “junk” science as these terms have been co-opted by special
interests and have now become somewhat tainted by association,
as noted earlier. There can be “good science” or “bad science,”
but arguably only because a project uses a scientific methodology
in which the experimental design is well-thought out, potential
confounding variables are addressed, conclusions are appropriate
for the hypotheses that were tested and the data that were
gathered, and caveats are expressed. . . or this is not the case.
In short, science has been properly conducted or it has not
been conducted. There is no middle ground. Then there are
situations where lip service is often paid to “science” but actual
scientific data have been willfully ignored because of dogma,
special interest or politics. This is often the realm of purveyors of
the terms “sound science” for studies that supports their agenda,
and “junk science” for those that don’t. But to paraphrase Yoda,
there are studies where data has been collected in an appropriate
scientific fashion and interpreted appropriately, and there those
that have not, there is no in between.
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